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PURPOSE 

The purpose of this report is to present  the resul ts  of the 
seepage studies, conducted in connection with the Lower-cost Canal 
Lining Program,  on the North Plat te  Project,  Wyoming-Nebraska, dur-  
ing the latter half of 1949. Various associated data of interest  in connec- 
tion with the measurement of seepage losses  f rom irrigation canals and 
laterals  a r e  a lso  included. 

PERSONNEL 

The seepage studies described in this report were conducted 
under the general direction of N. P. Nel,son, Superintendent of Water and 
Land, North Plat te  River  District, while immediate field supervision was 
under James  L. Doyle, Soil and Moisture Engineer, Torrington, Wyoming. 
Five of the seven dikes constructed in the F o r t  Laramie Canal fo r  the 
ponding tes ts  were built under a contract administered by C. H. Radar,  
Construction Engineer, North Plat te  Project,  Torrington, Wyoming. The 
two remaining dikes were  constructed by the Goshen Irrigation District, 
represented by Harry  Kelley, Manager of the District .  Technical a ss i s t -  
ance was supplied from the office of the Chief Engineer, Branch of Design 
and Construction, by Engineers C. W. Thomas, D .  M. Lancaster,  and 
B. R. Blackwell. 

SYNOPSIS 

The loss  by seepage from numerous sections of certain irrigation 
channels in  the North Platte Project  wa's determined simultaneously by 
two methods; namely, (I)  the ponding procedure and (2) by ut;ilizatisn of 
a seepage mete r .  Hence, the me r i t s  of the seepage meter  were evaluated 
by comparing the resul ts  with those obtained by the ponding technique 



in six'sectioxk of the Fo r t  Laramie Canal, three in Lateral  29.4, six in 
Lateral  90.4, and six in Lateral 24A. All sections were unlined except 
four sections of the For t  Laramie Canal where portland cement grouting 
had been done prior to the ponding tests .  

The highest seepage ra te  measured by panding in the F o r t  Laramie 
Canal was 0.57 cubic foot per  square foot of wetted a r ea  per  24 hours, 
whi1.e the section with the lowest ra te  indicated a loss of 0.13. The high- 
est  seepage ra te  obtained from a la tera l  by the same  procedure was 0.8'7 
cubic foor per square foot of wetted a r e a  per 24 hours while the section 
with the lowest seepage ra te  indicated a loss of 0.13. Throughout this 
report seepage ra te  is expressed in cubic feet per square foot of wetted 
a rea  per 24  hours.  

In addition to seepage meter  observations in  all ponds, s imi lar  
readings were taken, in many cases, in the same sections uncier operating 
conditions. Over 160 seepage meter  settings were made in ponds of the 
For t  Laramie Canal and approximately 75 were made in the laterals  while 
116 were obtained under operating conditions prior  to the ponding studies. 
Averages of the seepage meter  readi-ngs were compared with the ponding 
resul ts  for  the same  period of t ime and a comparison was a lso  made with 
the resul ts  obtained under operating conditions. \ 

F o r  the For t  Laramie Canal, the differences in the seepage 
ra tes  as measured by ponding and simultaneously by seepage mete r  varied 
between 0 .02  and 0.20 cubic foot per  square foot of wetted a r ea  pe r  24  
hours. The percent variations ranged from -17 to +77.  The difference 
in ra tes  determined by the seepage meter  under operating conditions and 
by the ponding procedure varied between 0. 02 and 0.59. The percent 
variation was from -33 to +149. Similar comparisons in the laterals  
showed variations from -93 to +285 percent. Fur ther  correlation data 
and perhaps revisions in the meter  or changes in technique a r e  required 
before the seepage meter  can be considered a reliable instrument for the 
measurement of seepage losses.  

Project  forces computed losses'from the section of the Fo r t  
Laramie Canal between miles 35.0 and 39.7  (which included the ponded 
sections) by the inflow-outflow method. Rating stations, calibrated by 
current meter,  were used in the main canal while the flow through turn- 
outs was measured by weirs .  Due to the inaccuracies of the measuring 
devices resui ts  varied from a loss of 98 cubic feet per  second to a gain 
of 168 cubic feet per  second. 

The opportunity did not exist to determine the seepage loss 
from the portion of the Fo r t  Laramie Canal that was pressure  grouted on 
the downhill s ide (Specifications No. 2600) pr ior  to the grouting operation. 
However, field measurements af ter  the completion of the grouting operation 



foot of wetted a rea  per 24 hours. The section which received the great-  
est density of grout showed the highest seepage ra te  of any section tested 
in the Fo r t  Laramie Canal. 

A portion of the Fo r t  Laramie Canal was lined with buried a s -  
phalt membrane [Specifications No. 2660) immediately af ter  the comple- 
tion of the seepage tes ts ,  Results of the ponding tes ts  in this section 
indicated maxlmurn seepage ra tes  between. 0.13 and 0.25. Since the con- 
t ract  for the lining was awarded prior  to the seepage studies, it was 
necessary to select the sections of canal for lining without the benefit of 
accurate seepage data. 

P a r t s  of Laterals  29.4 and 90.4 were lined with concrete af ter  
the completion of the seepage studies. Seepage ra tes  in these two lat- 
e r a l s  varied between 0.15 and 0.64. Lateral  24A, not scheduled for  
lining, showed seepage ra tes  which varied between 0.36 and 0.87. As 
was true with the Fort .  Laramie Canal, the sections of la tera l  to be lined 
were selected without benefit of accurate seepage loss measurements.  

CONCLUSIONS 

The field measurements revealed that the seepage loss  from the 
sections scheduled for lining is not grea ter  than should normally be ex- 
pected from an unlined canal. The loss  should be ascertained prior  to 
the decision to install canal linings, enabling the judicious selection of 
the reaches to be lined. 

It is not possible from these studies to determine which section 
of the Fo r t  Laramie Canal is contributing to the high water table in the 
Barthel farmyard. A more comprehensive program to identify the criti-  
cal  reach would require the segregation and individual testing of small  
portions of the canal. 

RECOMMENDATIONS 

As a result  of the seepage studies on the North Plat te  Project  
during 1949 it is recommended that: 

1.  Seepage measurements be made sufficiently in advance of 
construction schedules to permit the judicious selection of reaches 
of canal and lateral  to be lined. 

2. Additional research be  performed relative to the use of 
the seepage meter  to improve i t s  accuracy. A considerable amount 
has been performed since the conclusion of these studies. 



losses by seepage. 

4. The effectiveness of the linings presently under contract 
be determiner! a s  soon a s  practicable after installation. 

. 
INTRODUCTION 

The North Platte Project is located in  southeastern Wyoming 
and northwestern Nebraska alon;: the North Plat te  River.  The diversion 
works for  this project a r e  a.t Whalen Dam near Guernsey, Wyoming. The 
lower extremity of the irriga.ted a r ea  is located about 20 miles downstream 
from Northport, Nebraska. The sections of canals and laterals  investi- 
gated a r e  shown on the location map, Figure 1. The entire program of 
seepage loss measurements described in this report was conducted a s  
part  of the Lower-cost Canal Lining Program,  

Testing by ponding is the most accurate technique known for  the 
determination of seepage losses  from irrigation canals and laterals .  This 
method requires the construction of dikes ( o r  the utilization of existing 
canal structures) at  each end of the section of canal to be ponded, the 
filling of the ponds with water, and the observation of the drop of water 
surface with time. Hook gages reading to  the nearest  0.001 foot were 
used for  the water-surface observations. The hook gages were read from 
one to four o r  five t imes a day, depending on the depth of water in the 
pond and on the ra te  of drop of the water surface. Evaporation as well a s  
leakage was taken into consideration. An accurate cross-sectional survey 
was made for obtaining the physical dimensions required in computing the 
ra te  of seepage which is expressed in cubic feet per square foot of wetted 
a r ea  per  24 hours.  

A device known a s  a seepage meter  was used in conjunction with 
the ponding tes ts  to obtain suppLementa1 seepage loss data a s  well a s  to 
evaluate the mer i t s  of the meter  a s  an  instrument for  measuring seepage 
losses.  Thesi: measurements were taken in flowing water during the irri- 
gation season and in the ponds. 

FORT LARAMUE CANAL PONDlNG TESTS 

Seven dikes were constructed in the Fo r t  Laramie Canal, forming 
., six ponds, covering in i t s  entirety the canal between Stations 1911+08 and 

2022+84 (miles 36.2 to  38.3). This section of canal is adjacent to the 
Barthel farm where seepage was great  enough to r a i s e  the ground water 
table and inundate the barnyard dlming the irrigation season. Figure  2 . 
shows the location of the ponds tied other pertinent data. The stationing 
of the dikes and the lengths of the ponds a r e  shown in the following table: 



The dikes were located at  strategic positions along the canal to isolate 
the various elevations of the contact between the silt  and the underlying 
Brule siltstone. (1) Pond 1 contained a silt-Brule siltstone contact that 
varied in elevation from 2. foot to  over 15 feet below the bottom of the 
canal, Figure 3 .  Pond 2, filled to a depth of only 4. 1 feet by gravity 
(no pumping) was formed incidental to the other ponds. In this pond, 
Figure 4, the Brule siltstone was exposed in the bottom of the canal in 
several  places while in other a r ea s  the silt-Brule siltstone contact was 
more tham 15 feet below the canal bottom. Pond 3 had Brule siltstone 
exposed in the bottom of the canal over the major portion of i t s  length. 
Pond 4 had a si l t  cover over the Brille siltstone ranging in thickness 
from 4 to 1 2  feet while Pond 5 had a deep cover of sil t  that exceeded 15 
feet in depth. Pond 6 had a s i l t  cover over the Brule siltstone ranging 
in thicikness from 3 to 10 feet. Figure 5 shows the profiles for  Ponds 3 
through 6.  

The portland cement pressure  grouting in the Fo r t  Laramie 
Canal (Specifications No. 2600) recommended by a Consulting Board 
composed of H. W. Bashore, W. R. Young, and H. D. Cornstock in a 
letter to the Chief Engineer dated Noven~ber 29, 1948, (Appendix A) 
was installed just prior  to the ponding studies while a buried asphalt 
membrane lining (Specifications No. 2660) was to be placed in a reach 
of the Fo r t  ~ a r a m i e  Canal immediately af ter  the completion of the field 
measurements.  

Construction of the Dikes 

.All seven of the dikes in 'the Fo r t  Laramie Canal were cot- 
structed of earth material  founci adjacent to each dike location. A drag-  
line and a bulldozer were used to move the mater ia l  into place. Compaction 

I I (1) This Brule formation, popularly called  rule Clay, i s  primarily 
a siltstone weathering to a s i l t  Therefore, in this report,  this formation 
is called Brule Siltstone. 



in a d ry  ditch while the remaining ones were installed in 2 o r  3 feet of 
water stored in the canal to reduce the amount of pumping necessary for 
the filling of the ponds. The top widths of the completed dikes varied 
from 15 to 18 feet with the s ides conforming to the angle of repose of the 
material.  Since it had been decided that the maximum water surface in 
the ponds would be apyroximately 2 feet below the normal operating level . of the canal, the top of the dikes, allowing 1 to 2 feet freeboard, co r re -  
sponded approximately to the normal water-surface elevation. 

In conjunction with the construction of the dikes all turnout 
gates in the ponded sections were closed and the intake side filled with 
earth to make them tight. Figure 2 shows the location ~f the dikes and 
the ponds. 

Filling of the Ponds 

Both gravity flow and pumping were used in the filling of the 
seepage ponds in the F o r t  Laramie Canal, Pond 2 was the only one filled 
by gravity flow alone resulting in a maximum depth of only 4. 1 feet. 
Pond 6 was filled in its entirety by pumping while the remaining four ponds 
were partially filled by gravity prior  to the completion of the correspond- 
ing upstream dike. Then, af ter  the construction of the appropriate dike, 
the remaining volume in the pond was filled by pumping water from the 
canal immediately upstream. 

Effect of Evaporation - 
Evaporation data from a Class A pan ware available at  Whalen 

Dam through October 18. However, the ponding studies on the F o r t  
Laramie Canal were made immediately following this date while the pan 
was ou? of operation. F rom the information available an  evaporation ra te  
of 0.006 foot per  24 hours was selected a s  being applicable to these studies. 
This assumed evaporation r a t e  resulted in a reduction in the seepage ra te  
by ponding of l e s s  than 2 percent. . 

Daily evaporation data were  available during the entire t ime of 
the ponding tests  in the laterals .  The effect of evaporation on these 
tests is discussed elsewhere in this report 

Leaks Through Dikes and Structures 

The sole opportunity for  observing leaks through a Fo r t  Laramie 
L 

Canal dike was at Dike 7, the canal on the downstream side being dry. 
This face of the dike remained dry  during the entire time that Pond 6 
was operative. Hence it is reasonable to assume that a l l  dikes were 
watertight. The only observed leak through a canal structure in the ponded 
a r ea  was through turnout 38.0 but, the quantity of water lost was insignifi- 
cant. 



The general pl-ocedure followed in  computing seepage losses  
from the ponds required the plotting of the canal c ross  sections, from 
which the average width and wetted perimeter  were determined. The 
widths and wetted perimeters  for each pond were plotted against eleva- 
tion of water surface. In conjunction with these plots a curve of water- 

* surface elevatlor, in the pond versus  time was also required. The follow- 
ing formula was then used for computing the seepage loss: 

- (Width; r Length) (Drop in water surface in 24 h r s )  
Seepage rat.e = - (Wetted perimeter)  (Length) 

The width. wetted perimeter,  and drop in water surface for a given 
24-hour period were obtained from the above-mentioned. curves while 
the lengths in the formula cancel out. The seepage rare thus obtained 
was expressed in cubic feet per  square foot of wetted a r e a  per  24 hours. 

RESULTS OF THE PONDDIG TESTS IN THE FORT LARAMIE CANAL 

The results of the ponding tes ts  in the Fo r t  Laramie Canal a r e  
shown in Figure 6 where seepage ra te  is plotted against water depth for  
each of the six ponds. With the exception of Pond 4, all ponds were 
filled only once. Pond 4, filled to a depth of 6 . 6  feet the f i rs t  time, was 
later  repumped to a depth of 7 .5  feet. Field conditions, together with a 
lack of time, prevented the refilling of-the other ponds. There was a 
period of only 2 weeks when the canal w a s  dry between the end of the ir- 
rigation season and the flowing of water into the canal for  the ponding 
tests ,  hence the loss by bank storage is considered negligible. 

Variation of Seepage Rate With Depth 

Reference to Figure 6 showing seepage ra te  plotted against 
depth indicates that the r a t e  tends to increase with an increase of depth 
of water i n  the canal. In the case  of Pond 4 (repumped) and Pond 1 (both 
thoroughly primed prior  to the ponding), the seepage ra tes  remain con- 
stant for  changes in  depth with the higher elevations of water surface, 

Variation of Seepage Rate With Elevation of Ground-water Table 

Ground-water data, Figures 7 to 12, inclusive, show the ground- . water elevations for the 1949 irrigation season obtained by utilizing ground- 
water wells located adjacent to the ponded sections. The locations of the 
ground-water wells a r e  shown in Figure 2. 

In general, a ground-water table that fluctuates rapidly  hen the 
canal is filled o r  emptied indicates a rather  high seepage ra te  while a 
slowly fluctuating ground-water table usually indicates a lower rate .  



depth to ground-water ;able a r e  shown in Figures 13 and 14 for  Ponds 4 
ar,d 6, respect.ive1.y. The ground-water ta.ble was below the canal bottom 
during :he tests  in Po-sti 6 and was above for Pond 4. The maximum varia-  
tion in ground-water elevat~on was 1 . 4  feet for these tes ts .  In both cases  
the seepage ra tes  Eoilow essentially the same pattern whether they a r e  
plaited against. depzh of waterq i n  the ca.nal or  depth to the ground-water 
table. 

Seepage Rates in the St:ctions Grouted and Scheduled for Membrane Lining -- - 
Grouting opera.tions (Specifications No. 2600) were carr ied out 

p r io r  to the ponding tes ts  in the a r ea s  included in Ponds 1; 2, 3, and 4. 
An examination of Figure 6 (seepage ra te  versus  depth of water in the 
ponds) shows that Ponds 1 and 3 with the highest density of grouting had 
higher seepage ra tes  thar, Ponds 2 and 4. 

In contrast to the higher seepage ra tes  in the a r ea s  that were 
grouted, lower seepage races were obtained in Ponds 5 and 6. The reach 
of canal included ~ n .  Ponds 4, 5, and 6 was lined with buried asphaltic 
membrane under Specifications No, 2660, Figure 2, after the completion 
of these tests .  

Seepage Ra?es ira the Sill, and Brule Siltstone Areas  

The lowest seepage ra te  from a For t  Laramie pond, 0.13 cubic 
foot per square foot of wetted a r ea  per  24 hours, was found in Pond 5. 
Fifteen or  more feet of silt covers the 3:ule siltstone in this entire reach 
of canal. The hlghes: seepage rate, 0.57 cubic foot per square foot of 
wetted area  per. 24 hours, was obtained in Pond 3 where the Brule siltstone 
was exposed ir, the bottom of the canal for  practically the entire length of 
the pond. These data indicate that the s i l t  overlying the Brule siltstone is 
l e s s  conductive to high seepage losses than the Brule siltstone itself. This 
concurs with the o p l n i o ~  of Messrs .  Bashore, Young, and Comstock in 
their report to the Chief Engineel. ciabed Novemher 19, 1948, Appendix A .  

C 

LATERAL PONDING TESTS 

Ponding tes ts  were made in Laterals  29.4, 90.4, and 24A. The 
following table shows the  sthlronlng and the leng?hs of the ponds: 



Formation of the Ponds 

Wherever possible, check s t ructures  were utilired in the for-  
mation of the ponds. Canvas was placed on the upstream side of the 
s tructure and covered with earth to make the structure watertight. 
Provision was made over each structure for a. spillway. Where canal 
s t r i~c tu r e s  were not available, earth dikes were constructed. Canvas 
:vzs also used in the construction of the earth dikes fo r  watertightness 
a s  well a s  for the purpose of providing a spillway over the top of the 
dike. All turnout gates in the ponded sections of the laterals  were 
closed and the intakes filled with earth to prevent leakage. All ponds 
in the laterals  were filled by gravity flow. 

Effect of Evaporation - 
The seepage ra tes  obtained by ponding t es t s  on the la tera ls  

were corrected for  evaporation. Daily evaporation data were available 
during the entire time of the ponding tests .  The effect of evaporation 
on the seepage ra tes  obtained f rom the ponding tes ts  varied from 1 to 
20  percent. 

Leaks Through Dikes and Structures - 
Once the turnout gates in the p o ~ d s  were made watertight there  - was very little difficulty in keeping them tight. Two opportunities, how- 

ever,  presented themselves for the measurement of leaks through canal 
s tructures.  The remaining s t ructures  and dikes were either watertight 
o r  were located in such a way that made observations on leakage impos- 
sible. Leaks through the check structure at  the downstream end of Pond 
1 and the s tructure between Ponds 2 and 3, Latera l  90.4, were measured 
and the seepage ra tes  corrected accordingly. These corrections ranged 
frolm 3 to  34 percent. 



The results of the ponding tes ts  on Laterals  29.4, 90.4, and 
24A a r e  shown in Figures  15, 16, ar.d 17,  respectively. The figures 
show the seepage rate  plotted against depth of water for  each pond. 

Lateral  29.4 - 
The highest seepage ra te  found in Lateral. 29.4 amounted to 

slightly l e ss  than 0 .  40 cubic foot per  square foot of wetted a r ea  pe r  
2 4  h o l ~ r s .  The decision to line this lateral  (Specifications No. 2705) 
was made prior  to the ponding studies. The apparent reasons for  the 
selection of this la tera l  for lining included the appearance, during the 
irrigation season, of water in the basement of a farmhouse adjacent to 
the la tera l  at  Station 15+00 and to e.eepage a r ea s  west of the la tera l  in 
the triangular a rea  between the la tera l  and the F o r t  Laramie Canal. 
If these conditions stil l  persis t  after the lateral  is lined, the seepage 
is probably coming from the F o r t  Laramie Canal instead of from the 
lateral .  

Latera l  90. 4 

The highest seepage ra te  found in Latera l  90.4 amounted to 
slightly l e ss  than 0 .65  cubic foot per  square foot of wetted a r ea  per  
24 hours.  Several seepage a r ea s  appear below this reach of lateral .  
The ponded sections of this lateral  a r e  scheduled for  concrete lining. 

Lateral  24A 

The highest seepage ra te  found in Lateral  24A (the highest 
found on the project) amounted to slightly l e s s  than 0.90 cubic foot per  
square foot of wetted a r ea  pe r  24 hours. Several seepage a r e a s  ap- 
peared in the field adjacent to the lateral .  This la tera l  is not scheduled 
for lining a t  the present time. 

SEEPAGE METER STUDIES 

Figures  18 and 19 show the details of the seepage metes while 
Figure 20 is a photograph of the instrument in i t s  present stage of de- 
velopment. This meter  is a modified version of the constant head per-  
meameter and consists of a watertight seepage cup connected with a 
tube to a flexible bag for holding water.  The cup isolates- a known sur -  
face a r ea  of canal bottom. The water seeping through this a r ea  comes 
from the flexible bag and may be measured. The bag, being submerged 
maintains the same head on the test  a r ea  under the meter  a s  on the su r -  
rounding a r ea  of canal. Knowing the a r ea  under the-meter"(2 square 
feet) and the loss of water from the bag for a given period of 'time, the 
seepage ra te  in cubic feet per  square foot of wetted a r e a  pe r  24 hours 
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used in f1owin.g water during the irrigation season. 

Results of the Seepage Meter Studies in the Ponds -- - 
For t  Laramie  Canal. Figures 3, 4, and 5 show the seepage 

meter results for  the Fo r t  Laramie Canal both in flowing water and in 
the ponds. The following table summarizes the resul ts  of these t e s t s  - 
and compares the resul ts  with those found simultaneously from the pond- 
ing procedure. The seepage ra tes  a r e  expressed in cubic feet per  
square foot of wetted a r ea  per 24 hours: 

Laterals .  The resul ts  of the seepage meter  measurements made 
-I-... 

in conjunction wlth the ponding studies in the laterals  a r e  shown in Figures  
22, 23, and 24 The data a r e  summarized and the meter  resul ts  compared 
with ponding resul ts  in the following tables: 

Lateral 29.4  

Lateral 9 0 . 4  



Pond No. of Seepage r a t e  by meter  Variation 
No. settings Maxlmum I Minimum I Average a te  I ~ e r c e n f  
1 14 3. 67 I 0.02 I 1. '10 0.76 l+0 .94(  +124 

Results of the S e e ~ a e e  Meter Studies in Flowing: Water 

About 170 seepage meter  settings were made in flowing water in 
the canals and laterals  of the North Plat te  Projec t  during the 1949 i r r iga-  
tion season prlor to the ponding studies. The majority of these settings 
were made jn reaches of canal that were  la ter  ponded, therefore offering 
an opportunity to compare seepage measurements by ponding with measure- 
ments by seepage metel. in flowing water .  The seepage meter  gave resul ts  
varying f rom 93 percent less  than to 285 percent grea ter  than the resul ts  
f rom the ponding tests .  The following tables summarize these data. Thz 
seepage r a t e s  a r e  expressed in cubic feet per  square foot of wetted arecL 
per 24 hours.  

03 
Pol9d meter 
No* settings 

Fort. Laramie 1 35 
Canal 2 0 

3 10 
4 11  
5 7 
6 9 

Seepage meter 
in 

flowing water 
0.87 

Late ra l  29 .4  1 6 +O. 11  +29 
2 8 :: :: 1 :: :: +O. 10 +33 
3 2 0.52 0.24 +O. 28 +I17 

Latera l  90 i 4 0.42 0.64 - 
' 1  3 2 - 

6 0'42 0.50 -0.08 - 16 
-4 * 0 .. - 0.25 - - - - 

4 1 0.22 0.45 -0.23 -51 
5 2 0.01 0.15 -0.14 - 93 
6 0 - - - - - - - - 

Latera l  24A 1 5 3.33 0.87 +2.48 +285 
2 2 2.07 0.59 +l. 48 +2 5 1 
3 1 1.34 0.36 +O. 98 +272 
4 3 1.61 0.57 +l. 04 +I82 
5 1 0-42 0.59 -0.17 -29 
6 3 1.25 0.38 +O. 87 +229 



. " 
era l s  2 4 ~ a n d  102.4 a r e  shown in Figure 25. Ponding tes ts  were not con- 
ducted on these two laterals. 

Use of the Seepage Meter - 
The seepage me te r  in i t s  p ~ e s e n t  stage of development cannot 

be considered a n  accurate instrument for  the measurement of seepage 
losses.  However, i f  the resul ts  a r e  judiciously interpreted, the seepage 
meter may be utilizer! t.o indicate seepage trends. 

EFFECTIVENESS OF THE PORTLAND CEMENT PRESSURE GROUTING 

Iriasmuch a s  no pond.ing tes ts  w e r e  performed pr ior  to the port- 
land cement pressure  grouting operation in the F o r t  Laramie Canal (Speci- 
fications No. 2600) the pondjng tests  show the seepage ra te  af ter  the grout - 
ing operation and will not lndicate the effectiveness of the grouting in 
reducing the seepage losses.  Neither can the inflc,w-outflow data be used 
to indicate the effecriveness of the grouting. These inflow-outflow meas- 
urements a r e  discussed elsewhere in this report. Ground-water observa- 
tions, Figures 7 through 12, were made both before and after  the grouting 
operations. While these data show that the ground-water table was drop- 
ping durlng o r  immediately af ter  the grouting operation, the canal uischarge 
during this same  period decreased f rom 1,300 second-feet to zero.  Con- 
sidering the long intervals of time between the ground-water readings and 
the cornciding of the completion of the grouting and the reducing of the canal 
flow to zero, it is impossible to evaluate, from these data, the effectiveness 
of the grouting in reducing seepage losses .  

INFLOW-OUTFLOW MEASUREMENTS 

Inflow-outflow measuremenrs were made by project personnel for  
the For t  Laramie Canal  between miles 35.0 and 39.7 during the 1949 irri- 
gation season, together wl.th observations of the discharge through the 15 
turnouts ii\ this  reach of cana l .  Three of the turnouts a r e  pump l i f t s  while 
the remainin? 12 a r e  by gravity flow. Gaging stations a t  miles 35.0 and 
39. 7 on the Z'ort Laramie Canal were utilized. These gaging stations had 
been previously calibrated by current  meter .  The outflow through the vari-  
ous turnouts were measbred by weirs .  

The losses in cubic feet per  second obtained from these data to- 
gether with the outflow discharge ar mile 39, 7, the turnout operating sched- 
ule, and the grouting schedule (Specifications No. 2600) a r e  shown in Figure 
26. The extremely wide rarlge of resul ts  from the inflow-outflow data (168 
second-feet galn to 97 second-feet loss) indicates the unreliability of these 
data.  F igures  27 through 30 a r e  photographs of four of the weirs  used to 
obtain these measurements.  

Interior - Reclamation - Denver, Colo. 
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Six-foot Cipoletti weir in Lateral 35 .4 .  This weir is installed backwards. Note the drain 
under the weir for sluicing out the upstream pool. This photograph was taken on June 22, 
1949. (H-844-6) 



Two-toot Cipoletti weir on Lateral 35.8.  This weir actually measured 23-314 inches. The 
weir gage is improperly located. There are four bolts that hold the weir plate to the bulk- 
head. There are several leaks around the weir plate. 'The upstream pool is badly silted 
up. J h e  22, 1949. (IS-844-7) 





APPENDIX A 



. 
M r .  L. N. McClellan, Chief Engineer, 

U. S. Bureau of Reclamation, 
Denver Federal Center, 

Denver, Colorado 

November 19,1948 

Dear Mr.  McClellan: 

Responsive to your let ter  of November 10, 1948, addressed to  the 
Cilairman, during the afternoon of November 15 this Board examined the 
For t  Laramie Canal between miles 34.8 and 38.0 and, more specifically, 
that section immediately north of the Juiius Barthel ranch o r  farm. The 
Board was accompanied by Mr. Burky of the Canal Division of your office 
and 1.-J. Matthews, District Manager, of the Casper office. 

Leakage from various places along this canal has waterlogged several 
hundred acres  of fine irrigated land: some of it has been rendered wholly 
unproductive and much of it  can be farmed only with great care  and incon- 
venience. The field examination showed quite clearly that water is not 
lost appreciably in the earth cuts or embankments but in the brule clay 
cuts. The safety of the canal in operation is not questioned as it is located 
well in the ground. The embankments were constructed with a diaphragm 
of selected material fo r  that part  of the perimeter in  contact with the water 
and care  was taken during construction to prevent the accumulation of the 
larger  pieces of indurated materials from forming a natural drain a t  the 
bottom of any part of the embankments. The embankments a r e  thoroughly 
seasoned, a s  this part of the canal has been in operation for nearly 30 years .  

During the early years  of operation, the North Platte River water ca r -  
ried a considerable amount of si l t  which, when diverted into the canals, had 
a sealing effect. However, after  the storage of water in the Guernsey Res- 
ervoir  was begun, the s i l t  was dropped in the reservoir  and clear water 
was diverted into the canal. Duringqthe ensuing years, the silt  which had 
been deposited on the hard brule clay slopes gradually failed to maintain 
i ts  position, particularly where in the brule clay the slopes had been exca- 
vate? steeper than 1-1/2:1 for economy in construction. Wet spots began 
to show up below the canal where there was no evidence of leakage in  the 
ear l ier  years when the s i l t  was in place. 

Brule clay is a sedimentary formation which, in  i t s  natural bed,";re- 
sembles rock in hardness. It requires loosening with powder to expedite 
excavation even with heavy dragline buckets. In i t s  natural bed i t  shows 
definite layers and seams. It can be assumed that the use of expl;;sives 
when the deeper cuts were  excavated loosened the seams in the unexcavated 
sides of the cuts. 



reducing the water losses from the canal consisted of the lnstallallon of 
concrete lining Apparontly plans have not been far enough advanced to 
indicate the thickness of concrete; whether the concrete will be plain or 
reinforced; whether the concrete would be placed continuous or with joints 
and, i f  the lat ter ,  at what spacing; or whether drainage is to be provided 
and i f  so, what type of drainage. 

The Board is of the opinion that the following measures will cure 
the leakage problem, named in order of preference and probably overall 
economy: 

{a) Pressure  grouting the left-hand side of the brule clay cuts. 

(b) Shaping the side slopes of the brule clay cuts to a slope 
not steeper than 1 - 1 /2: 1 and placing thereon an earth or 
clay linlng about 12 inches in thickness. 

(c) Constructing several miles of drainage ditches to connect 
with the main Cherry Creek Drain which, in turn, empties 
into the North Platte River. 

(d) Concrete lining. 

These measures a r e  now discussed in reverse  order. 

(d) Concrete lining placed in this section will not be damaged 
by settlement of the foundation because it has becn sub- 
jected to water pressure  for many years.  It IS not likely 
to be broken up by hydrostatic pressure  caused by exces- 
sive rainfall i f  precaution is taken to prevent damage re-  
sulting from freezing of the foundation. 

Concrete lining will be subjected to  alternate freezing and 
thawing unless laid on a foundation which is completely 
f ree  draining. Unless this heaving action is prevented, 
the lining will be broken and gradually disintegrate even 
with careful patching and replacing. 

If concrete lining is to be placed, it should be laid on a 
foundation, sides and bottom, of gravel 6 inches to 8 
inches in thickness with a tile drain in the center of the 
invert having a f ree  outlet. Use of this method of insur- 
ing the life of the lining will  be quite expensive, and the 
Board does not recommend the use of concrete lining in 
this instance 

( c )  The construction of drainage ditches in  a system which 
has been in operation a s  long a s  this  one i s  an admission 



momri laconemictal w<y of hadl ing  an unple~errnl s lut ion 
Thay nrree8sitate public and privatca bridges em1 wecart rrose- 
ings, mtrlrl bs elannml end m~~Sntsr-lnad, wcr Send which ehould 
grew Props, provide breeding pJe~ere for pt?f~ts and rnterfsre 
with thcrlarmars' operations. This trltcrrnetive fs no* rerom- 
mended by the Board 

(b) An earth lrning of crccJer*wd mnrarralo, rr plarcul on side elapes 
no! steeper than 1 - 1 /2,1, provide& rr dlexible memker of 
rrtessnnbtc) worsr t tghtnorr, The dsgrea of water rrghnnears 
dapensts lo o Jurgo extent on the s u l t ~ b r l ~ f y  of trvatleblc met@- 
r ials  It is nor damaged hy freezing and 1s part~eularly 
ndsptcd lo u r-onal of low v e l a ~ l t y  such as rhrt F o r t  bremfe 
Canal, Whilcb rfs first coat and a n n u l  motnlentrnctrre a r c  corn- 
pnrrttivoly low, it rs not recornmsnde!d  lo^ llnntcrllutton for 
thc rrrturlon rn question unless the prcforrcd plan of p r u s r w e  
grouttng ts proven, by trial, ao be tmprac~rcablc. It the 
earth lfntng i s  finally adopted, consaderatron shoufd be given 
to thc Incorporation of a dlaphrom of sprayed on esphalr erra~ 
suggested In the Holtz-Banson-ffosrg report of May 10 19411, 
over cr part of the length of connl $6 be treated Should the 
lintng of the side slopes only fail to slop the Iraknge, comtd- 
eration should bc given to lining the invert also 

(a) Pressurc  grouting rhc rock seams and Crosures an dam leundrr- 
$tons und allu?mcn?s has been o suesesaifuf <*otllrrruc!rorr prom 
ceriure for many years  The chairman of flrrs Board was tn 
charge of grourrng rhc brule (*lay foundatrott sf the Mrtrtsrarc! 
Dam in 191 5.  The North Plntte Projert  history for !hat year 
should turnlsh details of this operation whlch was highly sue-  
rtessful rtl reducing leakage through tho; brule clay Foundaiton. 

1 .  It IS the rcc.ommcndation of rhfa Room! the1 low pressure gtouzlng 
plan (a), bc tried rn ;a portton of the brulc piny cuts on the Far: t a r amre  
Canal. It is  suggc*stad that holes 4 inches in diameter be drflled dong  the 
left bank ar 20-foat centers and to a depth of 10 fecf below the Invert of itre 
canal, that these holes be tested under water pressure  to detcrmtne the 
ra te  of leakage and whether water pumped into one hole finds i ts  way Into 
other holes. t h a t  the holes b~ grouted under pressure; that two or three 
holes be drflled inro the grouted area ro depth of 90 fcat below the invtlri 
of the canal and that they be tested under water pressure, using expanding 

rn packers, to determine the effect tveness of the groutbng at 1 0-foot tn~crva ls  
and the rate af leakage in t h ~  three 10-foot intervals; and that if presaure 
grouting to depth of 10 feet below the canal invert is not fully cflectivc the 
program be repeated, at the same locatron, using holcs drlllad to 20 o r  
30 feet below cum1 Invert, depending on  the tnformetion obtained from the 
two o r  three test holes merrttoned above. 



T)rs dr4UOng eun b daw wiy" 
me ~ k e = U p  or Oho grout wi l l  b v e  to r 
hold, In mmo seem tho ;rclaxn?o armd a 
@ctmenr only can be ulsod, r"be r ' k" should be vurPd ea atperPot~oe OeWt 
rke moat off~!lfve, sl well ec ths ant I 

lerrhge In brulo clay cute, 11 crah kr \ 
or an ompty om. Wbm mromptidmd \ 

CC-M W, Ikrekor~ (2) 
W,R. Yaw 
H.D. Comstoek 
Cornmfosfoner 
Rag. D%r, , Benvsi* Colo. 
Dlst, #gr . Cosper, Wyo, (2) 

APPROVED: D@s~mber  8, 1048 

Intarlor - Raclarmcrtiun - Darner, Colo. 


